SUMMARY Carnosinase, the dipeptidase which hydrolyses carnosine and other histidine-containing dipeptides, was assayed in mucosal tissues of the human and of the rat gut. Kinetic properties of the intestinal enzyme were found to be similar to carnosinase of other animal tissues. Little or no activity was detected in human gastric or colonic mucosa, and the levels were lower in duodenal than jejunal mucosa. The distribution of carnosinase is similar to that of the disaccharidases. Mean carnosinase activity was 8'8 units/g weight in 15 patients with histologically normal mucosa compared with 5-7 units in five with villous atrophy. The enzyme levels increased with histological improvement of the mucosa in patients with coeliac disease on a gluten-free diet. Tolerance curves for carnosine and its constitutent amino acids showed malabsorption of the dipeptide in a patient with carnosinase deficiency. It is concluded that the intestinal mucosa has much less hydrolase activity for carnosine than for glycylglycine and other dipeptidases, and the relatively slow hydrolysis appears to be the rate-limiting step in the total absorptive process.
Although carnosine (,3-alanyl L-histidine) is one of the few dipeptides found in animal tissues in large quantities, its physiological role is unknown (Yockey and Marshall, 1969) . Carnosinase, the enzyme which hydrolyses carnosine and other histidine-containing dipeptides (Smith, 1951) , has been detected in organs such as kidney, liver and spleen (Garkavi, 1938) , but no activity could be shown in the swine intestinal mucosa (Meshkova and Severin, 1947; Hanson and Smith, 1949) . Using a qualitative technique, Wood (1957) was able to demonstrate carnosinase activity in a wide variety of rat tissues, including the intestinal wall. At least five children with a progressive neurological disease and excessive urinary excretion of carnosine have been reported (Perry, Hansen, Tischler, Bunting, and Berry, 1967; Heeswijk, Trijbels, Schretlen, Munster, and Monnens, 1969; Terplan and Cares, 1972) . In two of these patients increased serum carnosine levels were found on oral loading with carnosine, and little or no serum carnosinase activity was observed (Perry, Hansen, and Love, 1968) . No data are available on carnosinase activity in the mucosa of the gastrointestinal tract in these patients nor in normal subjects.
Received for publication 14 May 1975. Absorption of carnosine and its constituent amino acids has been studied in man by Asatoor, Bandoh, Lant, Milne, and Navab (1970) , whose data suggest that although camosine is taken up intact by intestinal cells, subsequent hydrolysis is a relatively slow process. In view of the importance of peptide hydrolases of the small intestinal mucosa in the final phases of protein digestion (Newey and Smyth, 1960; Crane, 1961; Rhodes, Eichholz, and Crane, 1967; Matthews, 1971) , we have studied the intestinal carnosinase of the rat and of the human subject in both normal and various disease states. The role of this dipeptidase for absorption of L-carnosine was tested by comparing the tolerance curves for the dipeptide and its constituent amino acids in two patients, one of whom had a markedly reduced activity of jejunal carnosinase.
Patients and Methods
Biopsies were taken from endoscopically normal mucosa of the stomach, duodenum and colon of patients undergoing diagnostic endoscopy for symptoms unconnected with small bowel function. The sites chosen were the middle part of the body of the stomach on its lesser curve, the second part of the duodenum, and various parts of the colon. 585 F. Sadikali, R. Darwish, and W. C. Watson Jejunal mucosal tissue was available from a series of patients who were being investigated for a variety of gastrointestinal disorders-mainly diarrhoea or malabsorption. In these patients peroral jejunal biopsies were taken with a Crosby capsule from the proximal jejunum, usually within 5 to 6 cm of the ligament of Treitz. All jejunal biopsies were examined under the dissecting microscope and parts of each specimen histologically also.
Carnosinase activity was quantitatively assayed using a modification of the method described for other peptide hydrolases (Sadikali, 1971 (Matthews, Muir, and Baron, 1964) as described previously (Sadikali, 1971) . Carnosinase was determined as units/g wet weight of the mucosa, one unit being defined as the enzyme activity hydrolyzing one ,uMole of the dipeptide per minute at 40°C. Carnosine and Lhistidine plus ,B-alanine absorption tests were carried out in the two patients using methods previously described . Serum histidine, f-alanine, and carnosine were quantitatively assayed using the automatic ion exchange amino acid autoanalyzer (Beckman model 120C).
Results
Hydrolysis of carnosine followed the kinetics of zero order reaction, and the rate was proportional to the volume of homogenate in the reaction mixture. The optimum pH was around 8-0 and the activity was increased by about 70% with 0-001 M Mn++ and completely inhibited by 0-001 M cyanide in the reaction mixture. Carnosinase activity of the rat jejunal mucosa was somewhat lower than of the human jejunum (table I) . Little or no enzyme activity could be detected in 10 human gastric and eight colonic biopsies, even when the tissue concentration in the reaction mixture was progressively increased six times. There was less carnosinase activity in the human duodenal compared with jejunal mucosa, and the enzyme appears to have only a fraction of activity against homocarnosine as a substrate compared with that for carnosine ( 1938; Hanson and Smith, 1949; Terplan and Cares, 1972) , and human placenta (Zoch and Muller, 1971) . nt with reduced carnosinase than in the Little or no carnosinase activity was detected in atient, but despite the enzyme deficiency gastric or colonic mucosa, while duodenal mucosa absorption was faster with carnosine then had less activity than the jejunum. The distribution ree amino acids in this patient.
of this dipeptidase in the human gastrointestinal mucosa is similar to that of the disaccharidases (Auricchio, Rubino, Semenza, Landolt, Kistler, and Prader, 1963) , suggesting that the enzyme has a tic properties of the mucosal carnosinase, digestive function. Depressed levels of carnosinase were found in our patients with partial or subtotal villous atrophy, and activities increased with histological improvement of the jejunal mucosa in three patients with coeliac disease on a gluten-free diet. Reduced activities of other dipeptidases, such as glycylglycine and glycyl L-leucine (Douglas and Peters, 1970) and imido peptide hydrolases, have been previously reported in untreated coeliac disease (Heizer and Laster, 1970) . The fall appears to be due to a non-specific effect of mucosal damage and villous atrophy, since the villi are known to have a high concentration of peptide hydrolases whilst the crypts have little enzyme activity (Nordstrom, Dahlqvist, and Josefsson, 1968; Cornell and Townley, 1973) .
There was a significant delay in absorption of /-alanine from carnosine as compared with that from an equimolar mixture of the two amino acids in the patient with carnosinase deficiency (fig 1) . However, absorption of histidine from carnosine was faster than when the free -amino acids were given ( fig. 2 ). This is a similar finding to that in a patient with Hartnup disease (Nava and . The faster absorption of histidine from carnosine can only be explained if hydrolysis of the dipeptide occurs within, or at, the brush border of the intestinal mucosal cells, and confirms the role of the dipeptidase for absorption of carnosine. In-vitro experiments suggest that the intestinal mucosal cells possess separate uptake systems for peptides and amino acids (Matthews, Crampton, and Lis, 1971) , and evidence has also been presented for active transport of carnosine, independent of its constituent amino acids, in the hamster small intestine (Addison, Burston, and Matthews, 1973 ).
We have not been able to assay jejunal carnosinase in healthy subjects, but the enzyme levels in relatively fit patients with functional bowel disorders did not differ significantly from those with organic disorders of the gastrointestinal tract but normal jejunal histology (table I). In our patient with normal jejunal carnosinase activity absorption of both histidine and /B-alanine was somewhat faster from the mixture of amino acids than from carnosine, and the rise in serum ,B-alanine and F. Sadikali, R. Darwish, and W. C. Watson histidine was of a similar order to that reported by Asatoor et al (1970) in healthy adults. These authors also found significantly faster absorption after ingestion of free amino acids than after the dipeptide, and their results suggested that although carnosine is absorbed as the entire molecule, subsequent hydrolysis is slow and is probably the rate-limiting step in the total absorptive process. The relatively low activity of carnosinase compared with that for glycylglycine and other dipeptidases in both the rat and human intestinal mucosa (table II) confirms this interpretation of theirfindings. By contrast hydrolysis of glycylglycine is relatively more rapid and does not cause a significant delay in the transport rate even when the amount of glycylglycine is three times the molar concentration of carnosine given in the absorption tests (Craft, Geddes, Hyde, Wise, and Matthews, 1968) , unless there is a deficiency of glycylglycine dipeptidase caused by disease states (Sadikali, 1971) .
Like Asatoor et al (1970) we could not detect intact carnosine in serum even of the patient with carnosinase deficiency, presumably because of carnosinase activity of human plasma and other tissues (Perry et al, 1968; Terplan and Cares, 1972) . The former authors found a mean serum carnosinase activity of ,uMoles of carnosine hydrolyzed per ml of serum in 16 hours. Using a more sensitive method and a shorter incubation period, the mean serum carnosinase activity in adults was determined as 44 + 14 units/litre (Munster, van Trijbels, Heeswijk, Schut-Jansen, and Moerkerk, 1970) . Carnosinase activity of jejunal mucosa by weight is therefore approximately 200 to 400 times that of normal human plasma. Carnosine and anserine are found in minimal amounts (2 to 3 mg and 5 to 7 mg per day respectively) in the urine of healthy subjects (Westall, 1955) , but the excretion strongly depends on the intake of animal flesh in the diet (Block, Hubbard, and Steele, 1965 (Sadikali, 1971) Sadikali (1971) .
group.bmj.com on October 14, 2017 -Published by http://gut.bmj.com/ Downloaded from are then absorbed as such and can be detected in plasma, and large amounts are excreted unchanged in urine (Perry et al, 1967) .
Excessive urinary excretion of carnosine even on a low protein diet has also been reported in patients with cerebromacular degeneration, and in their healthy adult relatives without neurological disease. Carnosinuria is apparently inherited as a dominant trait independently of cerebromacular degeneration (Bessman and Baldwin, 1962; Levenson, LindahlKiessling, and Raynor, 1964) . The reason for excessive urinary excretion of carnosine in this condition, and whether there is a deficiency of carnosinase in the intestinal mucosa or other tissues is not known as yet. In hyper-3-alaninaemia carnosine accumulates in tissues, including the brain, due to a greatly expanded free P-alanine pool, and large amounts of carnosine are excreted in urine even on meat-and chicken-free diets (Scriver, Pueschel, and Davies, 1966 
